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(57) Abstract: A method for vanishing 
defects in a single crystal silicon, which 
comprises subjecting a single crystal 
silicon prepared by the CZ method to 
an oxidizing treatment and then to an 
ultra high temperature heat treatment 
at a temperature of at least about 1300 
# C, or comprises subjecting a single 
crystal silicon which is prepared by the 
CZ method and is not subjected to an 
oxidizing treatment (a bare wafer) to 
an ultra high temperature heat treatment 
in an oxygen atmosphere and at a 
temperature of higher than 1200X and 
lower than 1310X. The method allows 
the vanishment of void defects present in 
a single crystal silicone with reliability. 
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1... SILICON WAFER (SILICON SUBSTRATE) 
2... OXIDIZED FILM 
3.. VOID DEFECT 

A. NO PRETREATMENT 

B. .. STACK 

C . .. ULTRA HIGH TEMPERATURE ANNEALING AT 1300°C OR HIGHER 

D. .. ENLARGED VOID DEFECT 
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(b) &tzis Uny^i— 110 0° C2p£>1 3 8 0° CcD?gjgfEBT-^S 
r;urf > # * ©HfflmTT-^ * y ^ 7--;i/t^c i: t «fc K> . $mm&<D%M&& 



2 



Ell© (b) s (c) it, 3ia©rt££ttB&fl«Jfc^LT^*o 

mm i (b) izfrsT^oiz, mm&i&mm (wm^mmmx'9xio 17 uto 

ms/cc) mm) (->U=i>a£tR) UlitSo 

i©^>'j3>e7x-Al4iC(l J&Sii^ (As-grown) C:fcW-3ifi@# 1 OOnm 

EET* 1 0 0 %) Ltt«3R:tf (ffi3fc#*tfKjR#EE-C 0 . 5 %JW±) 

-e. ^i3oo° w±©jBW»iwa3a*iii"r« v ua^i- ;\ 1 * 

©tfW K^WB3«4 N efcftit^ (As-grown) fc^ttSitS 1 0 0 nmjSJgfr 6 US 5 
0 0 nmeft©^&$fc:a5^:'fhUTV>*cii:ijs|B^$tLfco *fcPEIl (c) 
tiaCS/U =i >«i7oc— ;\ 1 y^IEgLT. d©**y ^lEBLfc^gt©^ 

'J 1 iztt LT, H 1 < gft*# X»B4l&^ 

frol 3 0 0° C^±©fiiSffl^ai*«ibfci:i5>S±tt43«fcV*Tte©^U 
n>«^ai— /M©^bM2iBflx tt»B3©S/U3>i>a:— /MCD^MUc^i^ K 
3 #lRM3S£J3E;Mb LT V> 3 H h #tl3£l£ tltco 

^Otltt- 1 3 0 0° CM±<DMffiMMm*M-rzhlzTZ£, ^Un>^jL 

LfcO. SiC#— h*©*©©&fb&§i£jg£-ro £©<fc5fc*Fi*i©i52k *p© 

w^t4©®T^^<-7t»{w N i3oo° c&±<D&ummm*no i:tcy: N hh 

$g0J§©lf^ 
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tt> i 3 o o° cftm<DE&-c&mmmBm&ft5z.£iz&y) % mm^> 
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U n > 1 I3*f LT^«LS£fTV\ 3 9 6 nm~4 0 0 nmODtgfflCDgiSIIiP©^ 
#^bM 2 £7£js£L (H 1 1 x H 1 4#^) % M<il* 1 3 0 0° Cj£Gt©iag 
T-S^^tS^fT^clii^J; D (|316#JffiK #^i>';=i> 14>^#«-r-5 
tf-f K^PlS3&MM£^&CIh#T't£o 
^3^B^<D^S-e{i. 

C Z&IZ J; D^^nfe^^i/ U 3 >®7D y ^ ic*f LTittl^^n 
Si:, 

4>&< 1 3 0 0° C^cD^JgT'^SI^S^^f^C^^J;^^^^ 
C Z C <fc t> ££& £ ti # ifgS > U n > CD £ ^ — / n £ ft U T ^fb 5tt 3 * ?t o X 
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0 . 5 %~ 1 0 0 %©^^H©#H^MSB^^M3S^fT^ c i: 
IubB#*SS^ 'J ^ >4»©&fHitfitt. 1 4 x 1 0 17 (atoms/cc) JiTFT-&£CI 

t 

Hui3jes^Mias^fTton*sjft*T#fflr*3agK:, 1200 0 c&lt<dm& 

zmm^4oo° c~iooo° c<Dmmxmmm->v^>£mmffimm*mm 
mmmumim&'rttDtitzmz. 4 0 o° c-~ 1 0 0 o° c(oum.xmm^tz 
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mi 

m#fflm-e*>^> 1200 0 c&mz.T i3io° cjmnmmfacDM&'&axftu 

0 0° C$Mt 13 10° C*»CD«SHW©»ffiTje«S^5flS%ff a^fcfc 
Ml 1 2 2gBJT-&, liil^ U 3 

CZffit:«fc?)SSBfi'*tifcmie^>U3>"??fcoT. 3 9 6 nm~4 0 0 nmClS 
m 1 4 HM£Hr> U n >CD^ n * * 

C Zi£ic«£ \) W&Ztilttffi&S/ 'J =» >©^d y Ef fects ^^bM^a® 
fcffMUfc&£ N h& 1 3 0 0° C3£^CD?a^^cfc^)®^MLa^M^n 

mi 3»Wtt*3»qi3©*S* x «5©»WC^bfc*>©-C&*« 
m 1 5 *IU3TfciU ttttA*' 'J 3 

^ol 2 0 0° C£j@;LT 13 10° C£$<Z)ffiHrt<Z>@jK®j&ffi&*M!k3# 
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M£ tit ft 3 Z £ *%fflL £ T 2> o 

mi 5&m*mi imjXDHVk^ i©»^tt^ot^5. 
mi s^m<D^mx'^ 

mm^^^mm^^mmm^,xmn^x^Lxmnummm^m^M 

toft 5 M^=£; * — * £ BUS* - 3 d h £ «fc D N buiB^H ^ U n > * C^t 

x-mwLTzmm<D&m%<Dmmfrj£*, 2 5 u ^^Ms^^fton-s 

ffi&Ss 1 2 0 0° Cti^T13 10° C*acDfgHi*i£D^jg^-r^Ci: 

misf&wx-it. mi smMizis^x. 
%xg-u-r2>mm(Dnmm(DMmfr&*. 2 5 %u±t u jg^ffisft^asfrfen 

5«LJ££> 1 2 0 0° CtLt(Diag£:-f 3C£ 

bus B^^ja^ra £i£-r ^©#hm©^^ee, mmmmu $ -r- sig® 
#hsw>®^#je£ 2 5 ^ u mmummm&'ntetizim.^ 1 2 4 o° 

^2 0^BJT*tt> Sgl 6«MK:*^t. 

mtmmmi/ u n ©^^ms**, 1 0 x 1 0 17 (atoms/cc) <t & 
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<D»a7 , --;i/*«B-rBR©»H^;©K«^JE 

3) mm^vmmfrB. (Mm.-r £2 5%m±*:u ss7r- 

1 2 4 0° CJW±©MJft fcm^ rf*-f h*MG3£#iM£-t±3££: 
4 ) J|UggS/ U 3 > 1 *CD®mmmm&&, l 0 X l 0 17 (atoms/cc) <t t) 

v^^MJie -&U7-—))/m(DMm.*, 1260 0 c«t 
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m 5 &nmm 3 iz^t^^tmrn^rmx^^o 
m 6 &mmm 6 iz ^^m^hm^^rmx^^o 

m 8 itm&mmo&m t±§ ^siit z^T^nx&2> 0 
m 9 Su ©^1% £ j: 3 gtsin^ ^ -r & & 0 

1 7 &mmm 5 cD^m*^t-mT-$) ^©ias h^:^— ;i/ 

fg.*mw-r2>mx&z 0 
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J^-C"a*tlTl>^o mte&fcfclU 9X10 17 (atoms/cc) (ASTM F121-79) m 

n>-j7x— y\ 1 t^nzit. (As-grown) £;fc{±£ilg# 10 0 nm» 

K^fiS3##:£bT^So 

*/ U 3 >£x— / M *»<b«WIL"Cs J\llZtt\^X4: 0 

0 nmW±CDJP££>^fb$l2 SMt^o 

o^ic 0. 5 %w±©^^t? nfc^iH^Tts ^1 3 0 0° cm 

±6D?agt^ jS^i^ZfLJI (T-—JV) *s0n>t7 3L—S\llZM-ro 

W±CD«ta^^^T-fis 01 (b) N mi (c) £J3MTS£BJ§bfc<fc5^ 

ii^xttti^A 1 ^ i3oo° cu±0m^UT-—)v<Dmx.m-em4mm 

^ti^^o 1 3 0 0° CU±(DMl£U7-— ^©HuX^T-^b^S^^rofe 
fe^U01 (c) (c^1"J:^(cs/U3>H7x-^ 1 >^?r-jHfel^ 

> ij; 1 — 7 n 1 GD^fbM 2 {Ik 4« F^© 'J 3 > £ x — ; \ 1 CD*W^ ^rl^V^^i gflteT* & t> . 

^^-> u n > oi— /\ 1 isi±^a^ai2ife#®-e{i^ k^hs 3 i±««Lt^fco 

§±{£i3 <fc^T<£<^> U =1 > t> x.— a 1 (D^fbM 2 ®L (ffiaoS' U > ^— 
mi ( a) T-fciu U n > £ i-/M £*f Ltitti, Sffi^WaSISff 

3>->x-m i t^tTiif^MiiMt- i3oo° c^±©jawa7 > =— 
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&±<D&5£.*mmm£.&tn£, mmis^mmmn^ 1 3 0 o° cu±<d 
mm^mmmomJimrm^mm^n *> «t -5 tc bT^sfc#>. > u n >o X _ M 1 

»; 3 > ^-^ 1 ±(c^-fbM 2 #7&£&-rsi5gi£. ^bj^M£#-5#: 

^ 1 T-fct, ^0^©^^^^W#HMT©iS^S*t^t^b^tf©fc:*t 
^CL-e. P^ffl^^*^XA^BjT^^^bT*) M 1 3 0 0° CULfc©Ma«t& 

-r^^^ i3oo° c&±<DmmfmM*i'V^>v*--/\i£:M?m'£riz, */ 
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ua»u dOcfcd^namTT* i3oo° CM±<Di%mmm*i'Vn>t73:— 

m 1 fc«H- 2:^ Hutfi Lfc £?f^>>J /\ 1 frt>mhi/ U ^ > SiOx«$I 

bt^ h&£<D!^F^D n D#^!Lfc'>> SiC#— h^©*©©^b 

HftlcJi 1 3 0 0° CJ^iOi^S^QiS^ff 5£#£fciu ^iSI£#*0#Hm&£ 

« l < i±mm xxBw%T-t!mm*fio z t &&m. a & * » 
• itwj i 

MM*. LXmmtfi 2 0 0 mmt> StSttfttf 1 1 x 1 0 17 (atoms/cc) (AST 
M F121-79) T% PS0^7->x-AO$ t> gffcKfbflS©*a j ^iSfc^Jifc£ftfc$' 

y n > * i ifimmzti, z(D^vziist> uzMLxm2 nm-rmmak 

ft. fl^#tlfi7--;^|f^;, 

^--^ajftu^trti^ E7t«wasi^s/tfifcbT^*n. 700 0 c<fct> 

#^£*&Jg£±#£-fei\ 1300° C~ 1 3 9 0° C<D«&BF*]©=§§;^iag 13 0 

o° c> i35o° c, i39o° c$f±#^tfc e z ©^usj&t 2 mmim 
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BEO. 5%. 3 0%, 10 0%O#«7^V^ofeo 

ot^tf-f h**Pf§3£. ^h^^7^U-iftfcSLMlS (LSTD) tLTm<b 

^jsssh^mo 4 o i tfco 

H8fcfc»5il#JEE#0. 5%©#H£TC. 1 3 5 0° Ct2^«Lfe^O 
Cti^ia8, 12 9 £it$tLT H 9 C^rHWHtaSffO^Bit: <fc*« 

*<b lt ^ z it &m%] v — y g s> *mfc&S£#&-r § *RB#tstfi*H& t ur 
m<DGLW.*^-*><yu f i BApxizj: t> t em mmmm^m^m) mmmv 

1 0 fc^-T «t -5 CTE Mi^ bfc £ - *>!*m<Dl!l&*i4b*mmTZ p t&T- 
SiS^ (As-grown) T-iilt®lf§S£*l,£igS 1 0 0~ 1 5 0 nmCD-iM X(D%.mttt 

® *p £ > 'J 3 > fiWMDOT* B»R tc «fc £ #?# £ ftT ^ ^ d A» £ fcSL^Jg # 
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J5E;Mbb£:£££^U r A j b*^3#TObfcClh£^U 

r 2. El 3 — EI 6 V >T & IHt£cD^SkT*JB V ^ o 
IrIII] 2 C^-T^IC, 1 3 0 0° C, 1 3 5 0° C N 1 3 9 0° ccD&mm^ 

mt, o. 5%, 30%, i o o%(D&mm&E.ii%*ti : etimfr&t)&tz&0k< i t 
(DM&itz-D^x. $mum& i 3oo° c-cipoi^Etf i o o%^?43£© 

££T*0. 5 %\!X±.(DWmftE.<Dmm%-C. ^1 3 0 0° C- 1 3 9 0 0 C©i& 
(As-grown) ©tH" X^Jt^bTflG^bf £ £ V> -5 *Sift£*§;fco 

• fgffigftl 1 

±!3JtWJ 1 iiHO-tta©^ U =i x-a 1 ^ip^ bfco o£ DgC^i: bTifi 
@#2 0 0mmT% 1 1 X 1 0 17 (atoms/cc) (ASTM F121-79) T% 

PSi©*, 'J 3 > £ i-/M gipffif bfeo 

iO^'Jnv^x-M 1 C^tLT 110 0° CT-8 Mil 
^JtebT, iIC7 0 0 nm«iM2 IMbfeo fc^f&^bM&s Wet 

r^t)t>7'^-;i/^JSlxS/tr{i N E7£$$Q.3fll^>fc: 1 £bT^£*U 7 0 0° 
C«t t>^{cMJg^±#^-&> 1300° C-1 3 9 0" C©ISHf*l©&^iag 
1 3 0 0° C, 1 3 5 0° C, 1 3 9 0° C^X±m^^tco £©«^iag-£ 2 
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7ji3>xx*^— ^{dLT^^ff^o. 5%~i o o %<Dm.mft<D&mmfr 

JEO. 5%, 3 0%, 10 0%©fi^7--Mftofc o 
o^^^lltSCDBU^T-^'f K^PlS3GD1MX<2^fb£> /^ifcSl&Tt^Sbfco 

a : mm, o : mm t<Dmm*^?o 

mm3 iZmT&olZ, 1 3 0 0° C, 1 3 5 0° C, 1 3 9 0° CCD^mSMWi 

o. 5%. 30%, i o o%<D&mmft&t*^n?nm.fr'&t>i£tz&0k< i ¥ 

w±©c^^e>. ^> >j □ > ^ x-^ i ci«$i bfe±t o . 5%&±<Dm 
m^-&(Dmm%x\ 1 3 o o° c-1390 0 c^mmmxmum-ji^ 

not, m FWfc 3 ^'J3W hf&M^: (As-grown) © 

±ib^»j 1 t% wmmtm2 comm* 700 nmttm^v k^rs 3 &mm 

tvx#4 \t&ffimm<z>%j%k*mm-tzm.m*'fT-otzo 
±mt£m.m 1 . mmm 1 1 m-itmo^ u n > ^— ^ 1 b^o o£ d is 

3(4 £ bTi£g# 2 0 0 mmT-, ^ffl?tJg# 11x10" (atoms/cc) (ASTM Fl 
21-79) X, P^©^>V3>e?a: — 1 ^ipiibfco 

~DgiZ, Z.<Di/ ] ) ziyfpx. — ;n 1 liZttisX. 110 0° CX, Wet^b^S^Mb 
X, ^®C4 5 nnu 17 5 nm. 3 9 4 nm> 5 0 0 nnu 7 0 0 nmCDfflffl®. 

<bm2mzf&$titz&7km<Dm.m&< / Ei&Ltzo 
-r^t>t.T--;i/?asix^^{i. 07CiMii/^tii:fc^^ 7 0 0° 
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c&t)&*izu&.&±&g^ mMumi 3 5 0° ctT?±^*fc. zvi 3 5 
T;i/zf>^%^-^tcuT^^ff*so. 5%-i 0 o%<Df&mft<D&mmfr 

EEO. 5%, 3 0%. 1 0 Q%<Dnm%~ZT--)\/*ft-2tzo 
^glZjmmam'&X'tfJ K*Pfe3©iMX©£fb£. ^iJcgL^T-m^bfco 

^i-;M (cov^Ttt-SJbfc^m^^bs 0 1 3fcfcJBU*7 0 0 n m©«JSSKft;JK 2 

* s ff^^nfe^';r2>'>zIl-yM^cov^Tt^-«lJbfeig^>&^-ro 0131* 

^l#flE#0. 5%£D#HmT. 1 3 5 0° C^2ft|B*WMbfc»&©iRa«* 

^Ri©M«©*!l»ftt. ^';n>^i-/\©^[qj{c2 0mm£fc>fc;5gE?§l£fT^ 
Mil C <fc £ffc& £> t> d £ %&mtz b fco 
il 2^1-0:^^, #J K*RS3©JJB:*tfbCJ:!K lfil (2 0 O^mx 1 8 

5> ©$CSI £ i: e> * 3 tz. «>T- & £ o 

Ell 3 IzfjK-t £o izmfifate 2 0 0 0 0,um©*^>£fTofc$£jll N *V 
Pfe tc: <fc * ttSLtttt* £ fiteip o fc„ 

Zftbmi 2, Ell 3 £itigtbT El 2 tZ7j%TmB4 5 nm(Dm 

^izlttf-f K^3ttJ3B*{bbT^3©£#L-?\ Ell 3 t^-TMJ17 0 0 nm© 

^Hl^WbfcS/ ij3>i>i-;M ©:fcraM©^££S3^£fc#>$c, ffifg^s© 

04c N ts^ (i?iMo. 5%, 3 0%, i o 0%) % wmmfcm2(Dm9 
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(4 5 nm, 17 5 nm> 3 9 4 nm, 5 0 0 nm> 7 0 0 nm) *f K£tf8 
3©1MX<Z)^b (x :m*i<b, A : iRISk O : ^«) £:©W#£^To tetitm 

mm4 iz7jkT£?iz. mmfr&tfo. 5%<Dm<kt&. *OTM;M2cDMJiL#3 
ztzm i i mmfts.& 100 %©£H£rc*5fir=— » ( 1 3 5 o° ct* 2 

^ffofc^©^ K^BI3©-tMX£, #J$!^bJBI 2 ©lg|JP£^ 
^-^i:lT7D-); hb£^7£^UT^£olSl 1 ®^##3U£l^bM2 ©g| 
(nm) T'&'K Wm&mmmk<D-#<l K^fiS3©1^X (a. u) -efc-So m 
1 l£:fclv-C— ^^l^ ->U3>>f >:Jy hm&m& (As-grown) CD^-T K^PfS 
30tMX£^LT^3o 
mmi llZ7rsT£olzWMmfcm2<DmB&3 9 6 nm*iTli^ h*^Pi!3 
As-grown^FCD^-Y h*jfcfi& 3 OtM XCit bTJ§E;Mb t> KMll^M© 

3fr^y:&^£:#££>ft&#x J3gJf#3 9 6 nm&L±izt£Z t^mztfj h*^3CD 

<bM2<£>;p£#5 0 0nm£&S2:*V h*^PtS3<D1MXraiJ^|5S# (D . L) U 
T0^X*«L^ K^3#^LTl^££#frfr£o Ifetfot^ 
K^Pfl3 %mffig-&%%}Ml±. 3 9 6 nm- 5 0 0 nmClaHf^©^^^^^ 

• 3 

m (U^^fil) #5tfg£*ifcfc#>s o^fc:^r--;i/tu0^bJ^^^fcij;o 

^£ *)3&mt LXm®& 2 0 0 mmt% ^M^* 5 1 1 x 1 0 17 (atoms/cc) (A 
STM F121-79) tr> PSOi/iJnV^i- ;M £i£iiifLfco 
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CDwet^-fwra —mmm&i 1 o o° c 
®drym.itmm —9mm& noo° c 
®cvd ut^mmm ••«ss4 3o° c 

7X^^-3* & v \&,m l fcti^T-cft o watmm<o n t % t> o & <d t t 0 

r«cto*7~-;i/ffljKi/->irt± N i7CMi/i/^i tLx^n, 7 0 0° 

C<tD^tMS*±#^-fr % 3 5 0° C|;T-±#£-t=J-fco C1©1 3 5 

o o%(Dmm%X'T-— ;i/^frofc 0 

5 (3, tnmmibmB (55~840nmK m<tmzmxm (weMtmm. d 
Tymimm, cvd) fc, stw Ytmzwjxv&fc (x :j§B*Yb> a:jri& 
o -.mm tam^m-to 

mm 5 t^-TJ; atC. dryKfcflHS^ WetK-fbMSx CVD©IH#-^ b*Mt§ 

*fciai4«±x mi i i:@aoisa7--;i/^ o^D^s^ff^i oo%© 
#am^oi 3 5 0° cr'2mm7--)v*n^tz&<Dm K*Rg3©^x&. 

KYbM^^^S (diySMbflHI, WetKfbflWl, CVD) , 4MBWbflUP*^*- 
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(nm) m®lifi$mm&<Dm K*ftg3GD+MX (a. u) T*ifc3o Ell 

4lZ&^XOWZ7'Uy MfcfflESt^t^m dry^Mg^fr^fc^fc^ 

ho drymimmom'&iz^ m h'X.m3*$m$&ztzm^ ii4o o nm 

*>Hlj¥4 0 0 nm©WM2 SM7--M(c:^ g nv^x-^ 1 CM 
LT:fc< *l*o 

3 9 6nm-4 0 0 nm©l5ffl©g^J¥©«J»3^fblg|2 §gfi7--;Hjty 
• 4 

Lfco og; §mhbTifiS#2 0 OmmT\ PSOi/Unv^x-AUilliu 

(D 1 0 X 1 0 17 (atoms/cc) (ASTM F121-79) 
©1 2 X 1 0 17 (atoms/cc) (ASTM F121-79) 

9«:J:«lfe^bAUi&lfeU mm 7 0 0nm©l!]MfbI2$Mlfeo 
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5(5 l/fco 

0° C<fcD#?*£}SJg£±#£i±s 1 2 6 0° C~1 3 5 0° C<D«Sffi<Z>«-ftfift 

0 i: Vtzo 

•o^izmmm(Dm^X'^-( K*PlS3©1MX©^t£. g^M^iitfeo 

3 0D1M X£. *J3JTOfHitJS ( 1 0 X 1 0 17 (atoms/cc) (ASTM F121-79) . 

1 2 X 1 0 17 (atoms/cc) (ASTM F121-79) ) , ^T-— ;i/B$©*a^£>^ 

urn (° c) mmtfiMm&cDXj k^pis3©+mx (a. u) x&% 0 
m i 6 n^iNtosfT-D * h Lt^mx^-rnm^ wm&mmrn. 1 o x 1 o 1 

7 (atoms/cc) (ASTM F121-79) (DWittm U •ffJT'T'D «y h b£^IT*^T 
lO^^^liJS^ 1 2 X 1 0 17 (atoms/cc) (ASTM F121-79) 

mti^UTzz—^m^^m. (*v ^^m^mm.^^^iz^^mi&um m 
mmmmm&m *#<&ot^< ;rh#fc>a>9 i 3 o o° cm^xm. 

miztfj h-^PfeScD^XClfc^U-tV^C^fr^ 1 3 0 0° Ct5BX^ h*^ 
RS^^cD^m^SinS btlZo tommmm&tfi l 0 x l 0 17 (atoms/cc) 

(ASTM F121-79) (DM&lZte, --)Vm<Dffim& 1 2 8 0° CU±Xm 

K^Hi 3 36»i»/jxb*&«)"c^*o ife^ot, ±i> <*-n«i 280 0 
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u& w-ft«& & mmmm&i* 1 4 x 1 0 1 7 (atoms/cc) (astm 

F121-79) WTT'&ftfc*. ( 1 3 8 0° C) JilTT*^^ PfcH&i8« 

©a&s^Kn^fc^ss^n^o £fcHP&£, 4x10" ( at0 

ms/cc) (ASTM F121-79) £> »J 3 > £ at— /\ 1 £ipft U WetMstC <fc D #JJ8^ 
YbM2£7 0 0 nmMlttx i7C^tijSlIl/i/t 1 ^ffi^tMSiagl 3 

5 0° c. mm^&o. 5%mmnT~mu7--)v%mmistztz^ an k^ri 

3 tt*8«-r <& £ i: jW«K£ftfco 

Ufc#oT>IW K*lfe3*i8*£-fr:&Ctt.iJ>fc< fcfc 1 3 0 0° C 
(1280° C-1 3 0 0 0 C) fiia7--;HfTa ^ t^ItfeS ^ 5> 

1 4 x 1 0 17 (atoms/cc) (ASTM F121-79) WTCfll^. 5 h^X *> 
;\) ^bSfflmT*^. 1100° C*>£ 1 3 8 0° CCDi&giSfflT- 

M t &mmizmfcmm*fit>tefr^tz^7$zz—j\<Dm'&. 1100 0 c^e> 1 3 8 

2 0 0 mmts 1 1 X 1 0 1 7 (atoms/cc) (ASTM F121-79) X. 

■r^to^T-— ;i/?aKu->t:{i. ®7fc^-rfet)s 7 0 0° c^D^ciat 

&±#3H2\ 1 2 0 0° C-1 3 9 0° C©ttHrt©«-«Sfaft*t?±#$-e-fc 0 

^^jee** 100 %(Dmmnx-T=.-j\ / &ft^tz 0 
^iznmm<Dtmrc^ ^imzwjxvmt*. mftwt&mxwimistzo 
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E6£^iST-— ;i/B$0D£-ia£ ( 1 2 0 0° C-1 3 9 0° C) £#4 h*^R|3 
©■0--fX<D*fl5 (x :JJE*tf:> O : tOU^^^-To 

hei6 c^r.fcotc, i2oo° c-^tt^-r YKm^wj xomb&fr^n-r. 

13 10° C N 1 3 2 0° C. 1 3 5 0° C. 1 3 9 0° C-e«#-r h'^Rg 3 #J3E 
;MbUTl^^ 1 2 4 0° Cs 1 2 6 0° C, 1 2 8 0° C. 1 3 0 0° C©=& 

Sfcil7 tt, ^ffc#JE# 100 %©#Hmt: 2 B3fiS % ofc& 
©4W K^Pt§3©-t>->f X£. ilS7--;n|«^^7 ^ - ^ i: IT 7n y M 
fc^:7£^b-ti^o 01 7 ©8t$fi#^i&:P-— ;U5©SJ£ (° C) -efe*K |R 
tttfUMMSfc©^ KfcR|3©+H'X (a. u) T-&3o mi 7 (z^X-j^mA 
tt. S/U3>>f>=fy hf&Sifi^: (As-grown) ©Jtf-f 3 ©1t>f X£^LTV> 

So 

i£4 YWm 3 &x As-grownB$©-tM Zt^tD t) ttfcV^Jffifcfcfb Lt* t3 K^PH 
rN«©&llltt&^fc#;i£*i£*^ 1 2 0 0° ClSxt 1310° c^mcD^m. 
g&mxlttfj h*^3©1t^X(iAs-grown^©1^^X{3itbTlR^bTl>Si:% 

0° C-1 3 0 0° C©fSffl£-£$fc#>*U£. *f H^Pfe3#5&££S8$b-tv>3;i 

&W8 3£i8«#«K:fcJ\ 1 2 0 0° C£jg;lT 1310° C^OSJSfaHTm 
ar--;i/*ff^^2:A J ^B-c»*i:%iLe»n*. SfcSB$b<t*l 2 4 0° c~ 

1 3 0 0° C<DUJ&mmT'MU7-— ;i%ftozt:&>&mx~&2>tmz.t>tiZ>o 

• l&fifeftl 6 

±tmmm 1 ~ 4 -c-i^ u ^ > ^ x-;m izn vxmtmm. Mmmm&n 

*Sc©^';3>^oi— ;M £X*y^IEfiU £*x£X* y 4? Ififi L £:4ggfrf£© ^> 'J 
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□ >^i-Ml:^U||3Riltl mm#KO. 5%~100%)T1300° 
CD > U 3 > £ 1 — ;\ 1 ©*WST* 3tW K^Pfl 3 £#§M£ * 5 £ #T? £ 5 • 

^ #«SS^y=J>©rny^t:ilgg % ^YbM3> M^WasSJSbT* <fc <. c 

©^T^ai-M 1 £**y^IEBU Cin^^^y^iBMbfc^l&^O^T^ac— 
Al{c*fbtii#iM (KIMO. 5%~1 0 0%) X\ 2 0 0° C£ 

®^T13 10° C*»©iftj£ttH-e(3i;b<fcJ:l 2 4 0° C~1 3 0 0° Ceo 

ummm-c) sis?-- ^jteb-efc^o £©*§^£&^&fl5fc^&»). ei 

1 (c) tl*V>Tg±<Sii5«fctJf^TttCD^^e73i— Ml©»flifflt2fik 4>F^©^^ 

□ y * 4» fc#£-T 5 stf-f K^pm 3 -fr S d i: #t* § 3 . 
• Hifi^J 8 

mmm i-4m0 7$fcii0i5 c ^rawnwi u 1 s & myQi v t; 
c©*i-£\ ^s^L^^frtons^ffi^^^-r^ji^t, 1200 0 cjmt 
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mmm 1 ~ 5 t-&> m 7 t r^izm 1 5 iz^rmm v^y.\ tfdiw u > v. 
2nmmummm^n : Djiviz uxv^o ^c-egi7 ^.tzitm 1 5 jd&^Tjgigis 

o° c~iooo° C0^T'#^i/u^>i{c^m^fm^^ff^i-i)^as 

nfcfcJ: D^tSSi' n> l tc-r > h U >i/v97y# U >^ ( I G) ©fg#£tt 
iSa^lWIMl^fTtotl&^Cs 400° C~ 1 0 0 0° C©&gT*# 

• ^ite^j 1 0 

±ta^J(60>J5T'ii>^Te7 3i— >M&Yb^Si#fli£ftTV>J&:iv> 'J 3>^ — ;\) 

tB«^**fctt, 1 2 0 0° CSMT 1310° C*«t©»ElBl6H7?igS»!P'-- 
;i/ £fr 9 d £ &<&mT: $> 2> Z. #BJ3 £ & o fe G 

*$8W#&i±*©&#i«&fTi,\ K*ife3*^«s*-fr*^## x 
@ifi7 - — )i tfiif t> n & sag 

*:£©#-< *XMZ<DV*<X(D$tib (x :0E**b> A : O : fttt) 

( 1 ) ftBGMilftfiHS^ ( 1 0 x 1 0 17 (atoms/cc) ) 

pi8 ©^#> wmmmmm* 1 0 x 1 0 1 7 (atoms/cc) iz vmu*<Dmm% 

©^t#EE£ 0 . 5 % £ Ufc^ii. Bl 1 7 ©Hi^lcffi^ U ifiS$fl:P--;U5©i& 
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mwi 2 o o° c*mz.x i 3 1 o° c&ffiommi&mx'nn \*xm3fim>h£ 
fcMMufc^ ^U7--)im(Dum* i3io° cu±iztz>£x-( 

ztifcMLTwmmmw&z ioxio 11 (atoms/cc) ot$i:u 

Ufe^Cli. — ;n§<Dift&fc 13 10° C£t±ic: LT&*V b**fi§3£ 

( 2 ) #J81^S$ft&;ra^ ( 1 5 x 1 0 17 (atoms/cc) ) ^ 
WmMWUSL* 1 5 X 1 0 17 (atoms/cc) C U#Hfi+©£»&©ffi*#ffi& 0 . 
5 %(C L^-^tdJi, jSfir-— ;n*©fift# 1 2 8 0 0 C W.T©fBfflT:*^ 

m©i^-f xt±^^-fbb3fe*»ofco«M^--;vi^©«EiE* 1 3 0 0° cjeuic-r 

i!ttC*rLT«J»!K5R«JSES 15x10" (atoms/cc) ©$t^U 

L lfi7--;mofiS* 1 3 2 0° CJil±lz-ri>^ i:T-^*-r 
3£^2H2r£C£#-e£fco 

( 1 ) fcJJ8&iHiiJ&#^ ( 1 0 X 1. 0 17 (atoms/cc) ) 

ei 1 9 tnmmm&m* 1 o x 1 o 17 (atoms/cc) £ mm^comm 

#££2 5%J^±icb^T--;n^©^jg^ 1 2 6 0° CW±£-fa Z. txtf 

( 2 ) $}31&&tt&ft'ffiVN ( 1 5 X 1 0 17 (atoms/cc) ) m& 
Wmmmm&* l 5 X l 0 17 (atoms/cc) C L ilSST-— 
fiftftsi 2 8 0° CWTT-tts^fflmo&f&^flEfc^r^r KMlg3©1t^Xii 

JBif&*bi/rv>&v\» b^ujs?ar--;i/NF(3D?ajs<£ l 3 o o° cj^±(cb#ffl^ 
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M£.mSk*n^m 1 8, El 9©^— *£«^Lfco ®2 0-EI2 6fciu Ell 8, 
i2 0l^ 018 ©a*. fiUHBJll&£& 1 0 x 1 0 1 7 (atoms/cc) (D^\Z 

Us itm*mm&<o#'( k#r6 3©imx (a. u) tut^^o si 2 ot*^ 
tt-rn y h ufc*©Bu #s*©#Hm©&i&#EE# 100 %©*§^&^lt^ 

So 

<. ^ K^PlS3^^^-y:SCli:^-et-5i^iaT--;u^CDSJeS5fflA s l 2 0 
0° C~13 10° C©tSfflfr£> 1 2 0 0° CfcU:©j£i&B©SKf6H£-eafi;fc 
L-t^3©#fc>fr<5o 

SBf&©®5&#EE#«^ta:£#>f K^Ri 3 ^ass* ^ w$ c: 

El 2 lfcj^t-fl^ma* 
1212 1 fct^T^— ;\jc*rLT 1 3 0 0° C©fiftT?2l^g|KM7'=.— ;bS*fg 
L££t©flfflm*©^5ii#££5iW K^RBIM Xfc©H&£a*LT^*<,l2 2 1 

©st$fttt^ST--;i/^©^^£E (%) x-tb\>mm*Mmmk<DX<< h*ri3© 

X (a. u) T*&3o 

< *ott> < «1 fc#fc>fr*.§IHft©»3R#EE#4 0 %ttfots> 

El 2 2 fct3U8J^ilitJg# 1 0 x 1 0 17 (atoms/cc) ©i§£re&oT, #^*© 

IMO. 5%, 2 5%, 5 0%. 1 0 0%ri:CSia7--;W$©fflfti:^-f K 
*H8"iM Xt©ii^lfe*©T^5, El 2 2©tt«ttffiffl7--^|$©ift£ 
(° C) T*&«»lltt*ft^£©#'f h*^RS3©^X (a. u) tfeSo 

27 



m2 3izwmmmmm.& 1 o x 1 o 17 (atoms/cc) ©i^^ot, 

fc, &H6U7-—)],nu&. 1 2 6 0° C, 1 2 8 0° C, 1 3 0 0° C, 1 3 4 0° 
C r h {C#H^,<D^^,E £*^K*PfSlMX£©gS&£^Ufcfc©T&£o02 
3®iiilifiM©^I^E (%) ^&»5«tllitt3MQ«&©#'r K*Pfe3©+MX 
(a. u) Tab-So 

Cin*>02 2. 02 3^1"J;o{3#H^ l 6D^m^^2 5%U±fcU SEST 
-—;i/Br©ffi&£ 1 2 4 0° Cfel±fc:rti«s K*lfc3£at«£-fr3Ci£:#T 

0 2 4 i±%ommmmm-tfi 1 5 x 1 0 17 (atoms/cc) ©^tfeot, jm*® 

#fflm©^fji#ff £ 0 . 5%, l 0 0%t^<b*-&fci:t?t:Wffi7 > — — ;n$©ffljK 

©*ag (° o ^&y)ffi.m*mmm&<D#'( km§3©imx (a. u) -efc* 0 

0 2 5 fcttgMBK&jljEfctf 1 5 x 1 0 17 (atoms/cc) &oT. 

^i#EE2 5%. 5 0% N 7 5%. 1 0 0 %r hic^T— —)]/ft<Dm&tm 
Pfi1MX£©H^£^L£:fc©T*;JDSo 0 2 5 ©^WttKiS:^— — ;bB$©iae (° 
C) tfeDtlliiiMliO^^ h**RS3©tH'X (a. u) T-fc3o 
02 6 fcfr&J8B^f!l$lJK# 1 5 x 1 0 17 (atoms/cc) ©l^'feot, #?&4»© 

IZ, &MWr=.— Jimum 1 260° C* 1 2 8 0° C> 1 3 0 0° C, 1340° 

cztiz^mmwmmfrmttfj K&i%tMXfc©iii^£^Lfcfc©T&<&o02 

6 ©Stlft(±Hfflm©^m^£E (%) 7ffe»)«E«Ua:«Waai«©^>r K^PiS3©-tf-^X 
(a. u) -£&£o 

-ft£02 4-02 6 fc^-r«fc5fc\ #feSS/'j3>+©*0»iKjJl»Jft*^ 1 0 
X 1 0 17 (atoms/cc) «fc t) * £ V ( 1 5 X 1 0 17 (atoms/cc) fct" 

Z t.MUT~— ;i/#fr fc>ft3iag£x 1 2 6 0° CJ;0 
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&.£-zmu*cDmmm t <D®.mft&*. 2 s%^.mttfi^ >ptn< tt> 1 2 0 o° 

C*mZ.T 13 10° C*M©iafflT% tf^ £ £#T£So 

2) ;M8©#H&©K5fc#JE£x 2 5%J£LtfcU ^ig7--;n^f©i§ 

#1200° ca±-e, ^ K^Ri3*««^«d^A«-e#*o 

3) illOtIM (iSS7--m #fi«p) §2 5%Je*±£:U Mtim.T'—— 

jumcD&mz, i24o° c&L±<Dum£TM£. #<< Y^z^mm^^^z-h 

4 ) mSEkis U ^ > 4«<£>#JJ8^fji*&Jg#> 1 0 x 1 0 1 7 (atoms/cc) «fc D fcffiV* 

MMbiMfet:sai*fcfliv\ j\,m<Dm&&. i26o° c«t y) &mm&iz 



29 



2. CZ»ic«kD»^nfc#3(§S^U=»>K:*ruTKfb«lSSffv\ 3 
9 6 nm~4 0 0 nm©l6ffl©«i£IW©«J»Se<blK%^fi6-r*Xgi:, 

fc* i.3 o o° cRmvumT'm&mmA&mzfTvzLiitz&t), mm&kf 

5 . 0 . 5 %~ 1 0 0 %O^^£E©#HmT-HufB0^IMS^ff 5 d 
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6 . Huf3#*£JI *s U 3 > +®*0»IffijRa£fci\ 1 4 X 1 0 1 7 (atoms/cc) 

zmmt? zm&t&m i~4 tiB*©#Jiess/ y 3 >©^ri^^ 0 

zm&tT zm&mm 1 ~ 4 t:sB*©#igas/ y 3 >©^rs^^ 0 

8. mt2mi&mm&m&fttDnzmm£x-&WiT%.mm£.. 1200 0 cvi 

-rsif^iBH i~4 fcfamcD3Mgii^ y 3 >cd^rs««^ 0 

KHa-rsasfcix 400 0 c-1000 0 c©ajg-c-#^a^u=3>fc:^*fma 

f 5l»^i5H 1 ~ 4 Cia*©liM6a$' U =r >cD^Rg««*i£o 
1 0 . BulBM^^LS^fftonfe^tC, 400° C~ 1 0 0 0° CCD^JgT- 

am^ssa 1 ~ 4 ca3«©#ma*> y 3 >cD^Rg^«^ac 0 
1 1. czstiDS^$n, ^b^SASfft>nTv>^v^^a^yn>{c^r 
ut. mmmmnx-ip-D 1 2 0 o° c*mz.x 1 3 1 o° c&m<Dvmft<om&"e 

i3oo° c5£«©^iz«fcaja^iai^a^«i*nT**cifc*^ai:-r*¥ 
mm^ y 3 > 0 

13. CZSC«fct)«Hfi$njfc#|ga^y3>TfeoT, 3 9 6nm~4 

0 0 nm©ttH©«<S«W©4lO«liK^bK**iBCJKfifcUfe««c:, 'M<t*130 
0 0 C i£G£© jgJI £ «fc £ jBra*Ma,3I#ffi £ ft T * £ * #« 3 JM&a 
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m<tm&&mizte&\siz&^ 1 3 0 o° c&m<Dmsttz&zmmw& 

1 5. czmtzxvmmzti. wmm^m^mmizm^x^^mx\ 
mmmmm.X'fr'D 1 2 0 o° c^mt 1 3 1 o° c&ffi<Di&mft<Dum<Dm7% 

Ummifim^ ftT & * £ i: £ffr» 1- * jmsss' u n > o 

£> mm^^mm^i^tmm^^mmm^xmmumx^u^xmMumm 

1 7 . mdMwm^m^mrr^<Dmm%<owm^m^ 5 0 %m±t u 
m#ftt>ti2>um*. 1200 0 czmzx 1 3 1 o° c^m^mm^^mtr 

1 8 . «TI3«SfflJIMaSS«BrK©#ffla©K*^ffi*. 2 5 %£Uii: u 
g#frtoft3iag£. 1 2 0 0° C&±<DUg.£TZZt 

1 9 . mmmmu^mm^mrmcDmm^mm^EE, mm'mu&xm 

1 2 40° CW±cD?aSi:-r^3i: 
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20. mz^&i&i' v =1 y*<Dwmmmm&.'&, 10x10" (atoms/ 
cc) «t b*)]gv^^b?ijS^^stc#v\ jmufflsmififft>tizu&.&, 126 
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